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ABSTRACT 
In this study, Wood Dust (WD)/Phenol Formaldehyde (PF) and Coir Pith (CP)/PF composites were hybridized with the 
Prosopis Juliflora Fiber (PJF) to obtain the hybrid composites. Composites were prepared by hand moulding technique. 
The weight percentage of particles and fibers are fixed in the ratio of 1:1. Mechanical properties such as tensile, flexural 
and impact strengths were evaluated as a function of the particle and fiber loadings. The results show that the properties 
of both the WD and CP composites obviously improved by the addition of the PJF. The improvement in WD/PF 
composites was obviously higher than the CP/PF composites for all loadings. The WD/PJF/PF hybrid composites 
exhibited better tensile (strength of 48.9 MPA and modulus of 1262.1 MPa, respectively), flexural (strength of 55.4 MPa 
and modulus of 1344.3 MPa, respectively), and impact properties (1.32 KJ/m
2
). 
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1. INTRODUCTION 
In recent years, the polymer composite materials reinforced with the fiber and particles are used in many 
engineering applications (automobiles, structural, sporting goods, marine, electrical, industrial, household and 
construction) due their high strength and stiffness, light weight and high corrosion resistance
1,2
. Consequently, a 
continuous improvement in fiber/polymer matrix and particle/polymer matrix, development in manufacturing technology, 
advanced polymer composite opens a new gateway for the production and development of high performance polymer 
composites reinforced with the fibers and particulates
3
. Nowadays, natural cellulose fibers and particulates are mostly 
used as reinforcing agents in thermoset and thermoplastic polymers because they have good constancy between their 
properties and production costs
4
. However, the properties of fiber or particulate reinforced polymer composites mainly 
depend on the strength and stability of the interface between the fiber and the matrix. When the interface is weak, fibers or 
particulates could not act as an effective reinforcing agent in the polymer matrix
5
.  
The strength and stiffness of the advanced polymer composites depend on the stress transfer from the 
reinforcing agents (fibers and particulates) to the polymer matrix and can create by a proper interfacial bonding (some 
extended chemical compatibility) between the reinforcing agents and the matrix. Therefore, the reinforcing agent–matrix 
interface plays a major role in the physical and mechanical properties of polymer composite materials. Many efforts have 
been taken to improve the interfacial bonding between the reinforcing agents and the polymer matrix
6
. The particulates are 
often added to polymer materials to augment their processability and mechanical properties, as well as to reduce 
production and material costs. The particulate behavior in the polymer composites was affected by factors like the particle 
size and shape, distribution, surface area, and surface chemistry. They are acting as a bridge between the fiber and the 
matrix when they are hybridized with the fiber reinforced polymer composites.  
At present, the research of many authors is focused on the enhancement of the mechanical properties of polymer 
composites by incorporating natural cellulose fibers and bio waste particulates. The evaluation of polymer composites 
reinforced with the natural cellulose fibers and bio waste particulates has been carried out by the several researchers
7
. 
Keeping this in view, the Prosopis Juliflora fiber is hybridized with the wood dust and coir pith particulate composites. No 
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data are reported on the effects of addition of Prosopis Juliflora fiber in the wood dust and coir pith particulate composites. 
Hybrid composites are investigated for their mechanical properties and the results are compared with the previous results 
of wood dust/phenol formaldehyde and coir pith/phenol formaldehyde composites. Efforts are made to investigate the role 
of the Prosopis Juliflora fiber inclusion on the properties of wood dust/phenol formaldehyde and coir pith/phenol 
formaldehyde composites. 
2. EXPERIMENTAL  
2.1 Materials  
A phenol formaldehyde was considered as a matrix material in this study. Wood dust and coir pith particles are 
used as reinforcing agents for the phenol formaldehyde resin matrix. The Prosopis Juliflora fibers are selected as fibers to 
hybrid with wood dust and coir pith particulate composites. The average length of the Prosopis Juliflora fibers was 
approximately 9 mm. The average particle size of wood dust and coir pith was about 800 microns.  
2.2 Specimen preparation  
Before the preparation the particles and fibers are dried in sunlight for 12 hours. Selected compositions of 
particles, fibers, and resin matrixes are mixed and poured into the hand mould with the size of 150 x 150 x 3 mm. Then, 
the mould is closed and allowed to cure at room temperature. 
2.3 Physical testing 
The density of the hybrid composite is obtained experimentally by a simple water immersion technique using the 
Archimedes principle. The density of the hybrid composite materials will be obtained from the following equation:  
       (1) 
where wd is the weight of the sample at completely dried condition, ws is the weight of the sample that soaked in kerosene 
oil, and wsp is the weight of the sample suspended in the oil through a string. Hardness values of composite specimens 
are obtained by conducting the tests on a Vickers hardness tester (Leitz, Germany). The Vickers hardness numbers 
(VHN) of the composite are measured under a load of L = 0.3 Kgf using the following formulas: 
         (2) 
         (3) 
where L is the applied load, P is the diagonal of square impression (mm), A is the horizontal length (mm), and B is the 
vertical length (mm). 
2.4 Mechanical testing 
The tensile properties are obtained by conducting the tensile tests on the FIE universal testing machine 
according to ASTM D638 at a crosshead speed of 2 mm/min and a gauge length of 50 mm. The flexural properties are 
observed by conducting the tests on the same machine according to ASTM D790 at a crosshead speed of 2 mm/min and 
a gauge length of 50 mm. Impact property is measured at Izod test machine according to ISO 180. 
3. RESULTS AND DISCUSSION 
3.1 Physical properties 
Density is one of the most important physical properties in polymer composites and mainly depends on the 
relative proportion of reinforcing agent and polymer matrix. The densities of the composite specimens measured 
experimentally are shown in Fig.1. From the Fig.1, It can be seen that the presence of WD particles and PJF fibers as a 
reinforcing agent in PF matrix reduces the density of the composite up to 20 wt% and hence makes it lightweight. This 
may be due to interruption of distribution of reinforcing agents (particles and fibers) and resulting in high void contents. If 
the void content is high, the density of composites is decreased. The density of composites is increased from 30 wt% and 
attains the maximum value at 40 wt%. It may be due to the proper distribution of particles and fibers within the composites. 
It is also observed that the presence of CP particles and PJF fibers in PF resin matrix reduces the density of the 
composite up to 50 wt%. It may be due to the high void contents in the CP/PJF/PF hybrid composites. 
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Figure 1. Variations of density of WD/PJF/PF and CP/PJF/PF hybrid composites 
Hardness values of WD/PJF/PF hybrid composites are given in Fig.2 . it is observed that the hardness hybrid 
polymer composites is more than that of the pure PF specimen and also increases with the increase in amount of WD 
particles and PJF fibers. The increase in hardness of the composite may be due to stronger interface bonding of the WD 
particle and PJF fibers with PF resin. The hardness values of CP/PJF/PF hybrid composites are shown in Fig.2. It can be 
understood from the figure that the hardness value increases with an increase in the reinforcing agents (CP and PJF) up 
to 40 wt% and then decreases.  
 
Figure 2. Variations of Hardness of WD/PJF/PF and CP/PJF/PF hybrid composites 
3.2 Mechanical properties 
Mechanical properties provide information about the behavior of the composite material when it is subjected to 
the external stress before it fails. In this study, the mechanical properties such as tensile, flexure and impact were used to 
evaluate the strength and toughness of WD/PJF/PF and CP/PJF/PF hybrid composites. By incorporating PJF fibers into 
the WD/PF and CP/PF composites, the positive effects, as expected were achieved in the mechanical properties. The 
results revealed that the inclusion of PJF fibers has very strong influence on the mechanical properties of WD/PF 
composites than that of CP/PF composites.  
Tensile properties 
The comparison of tensile properties of hybrid composites is shown in Fig.3. The maximum tensile strength value 
is obtained at 40 wt% for both the hybrid composites. The further addition of PJF fibers reduces the tensile strength of 
hybrid composites. It can be observed that the inclusion of PJF fibers into WD/PF composites at 40 wt% have increased 
the tensile strength by 64.1 % and 22.86 %, respectively, compared to the neat resin composite and the WD/PF (30 wt%), 
but the addition of PJF fibers into CP/PF composites at 40 wt% has increased the tensile strength by 47.32 % and 22.63% 
respectively, compared to the neat resin composite sample and the CP/PF composites. The increase in the tensile 
properties of WD/PF hybrid composites is associated with the addition of PJF fibers. This may by due to the form of 
stronger interfacial adhesion between the PF resin matrix, WD particles, and PJF fibers. When compared to CP/PJF/PF 
hybrid composite, the WD/PJF/PF hybrid composite at 40 wt% shows 11.39% of the improvement in tensile strength. 
The effect of addition of PJF fibers on the tensile modulus of hybrid composites is also shown in Fig.3. It is 
evident from the Figure that the tensile modulus increases with the increase in particle and fiber contents at both the 
hybrid composites. The maximum tensile modulus value is obtained at 50 wt% for both the hybrid composites. The 
increase in particle and fiber contents results in the increased brittleness of the both the hybrid composites; thus 
stress/strain curve of both the hybrid composites becomes steeper. Due to the higher amount of reinforcing agents, the 
degree of encumbrance increases, which in turn increases the modulus of the composites. When compared to CP/PJF/PF 
hybrid composite, the WD/PJF/PF hybrid composite at 50 wt% shows 3.22% of the improvement in tensile modulus. 
   
                           (a)                                                                                               (b) 
Figure 3. Variations of tensile properties: (a) WD/PJF/PF hybrid composite and (b) CP/PJF/PF hybrid composite 
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Flexural properties 
The effect of addition of PJF fibers on the flexural properties of WD/PF and CP/PF hybrid composites is shown in 
Fig.4. It is observed from the Fig.4 that the flexural strength of hybrid composites increases with increase in particle and 
fiber content up to 40 wt%, and then it decreases. It follows the similar trend as tensile strength. The reasons for the lower 
flexural strength at higher content of the particle and fiber are probably due to the poor dispersion of the particles and 
fibers in the PF resin matrix, void formation, and weak particle-to-particle, fiber-to-fiber, and also particle-to-fiber 
interaction. The WD/PJF/PF hybrid composites showed the higher flexural strength values than the CP/PJF/PF, which 
may be due to the better compatibility between the PJF fibers and WD particles. The WD/PJF/PF hybrid composite shows 
the higher flexural strength value at 40 wt%, which is 59.37% and 23.44% higher than the neat resin sample and WD/PF 
composites, respectively. In the case of CP/PJF/PF hybrid composites, the maximum flexural strength value is also 
obtained at 40 wt%. The improvements of 60.47% and 23.53% are obtained compared to the neat resin sample and the 
CP/PF composite. When compared to CP/PJF/PF hybrid composite, the WD/PJF/PF hybrid composite at 40 wt% shows 
14.49% of the improvement in flexural strength. 
The flexural modulus values of WD/PJF/PF and CP/PJF/PF hybrid composites with varying content of WD, CP, 
and PJF is shown in Fig.4. The flexural modulus values of both the hybrid composites are increased with the increase of 
the particles and fiber content.  The WD/PJF/PF hybrid composites exhibited better flexural modulus than that of 
CP/PJF/PF hybrid composites. The maximum flexural modulus value is observed at 50 wt% for both the hybrid 
composites. When compared to CP/PJF/PF hybrid composite, the WD/PJF/PF hybrid composite at 50 wt% shows 6.23% 
of the improvement in flexural modulus. 
  
       (a)                                                                                               (b) 
Figure 4. Variations of flexural properties: (a) WD/PJF/PF hybrid composite and (b) CP/PJF/PF hybrid composite 
Impact strength 
Figure 5 shows the effect of addition of PJF fibers on the impact strength of WD/PF and CP/PF hybrid 
composites. From the Fig. 5, it is observed that the impact strength increases with the increase in PJF fiber content up to 
40 wt% at both the hybrid composites and further it decreases at both the cases. The decrease in impact strength at 
higher levels of reinforcing content may be due to the probability of PJF fiber agglomeration with the particles. The impact 
strength of hybrid composites increased with the content up to 40wt%. The reasons are that the content of fibers and 
particles is capable of absorbing energy and pressure, which removes the voids contents in the hybrid composites 
because of the sufficient level of bonding between the particles, fiber, and matrix. The higher level of impact strength of 
1.32 kJ/m
2
 is obtained for WD/PJF/PF hybrid composites at 40 wt%, which is 3.94% is higher than that of CP/PJF/PF 
hybrid composite at same weight percentage. 
 
         (a)                                                                           (b) 
Figure 5. Variations of impact strength: (a) WD/PJF/PF hybrid composite and (b) CP/PJF/PF hybrid composite 
The tensile, flexural and impact strength of hybrid composites increases with an increase in the particles and fiber 
content up to 40 wt%. However, further increase in the particles and fiber content the strength decreases. This decrease 
may be due to the improper adhesion inhibit the increase of strength values. As the reinforcing content (particles and fiber) 
increases, instead of dispersing the gathering of particles and fibers take place and the resin cannot wet the particles and 
fibers due to non-entrance of resin in-between the two adjacent fibers and particles. The tensile and flexural modulus 
values increased with increasing the content of reinforcing agents (particles and fiber). The addition of PJF fibers offers a 
positive improvement in the mechanical properties of WD/PF and CP/PF hybrid composites 
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4. CONCLUSION 
The physical and mechanical properties of the WD/PJF/PF and CP/PJF/PF hybrid composites were evaluated 
based on the weight percentages of particles and fibers. The properties of the hybrid composites are significantly 
influenced by the particles and fibers. The density of WD/PJF/PF hybrid composites is increased with the weight 
percentage of particles and fibers, whereas the density of CP/PJF/PF hybrid composites deceases with the weight 
percentage of particles and fibers. The hardness of the WD/PJF/PF hybrid composites is increased by increasing the 
weight percentage of particles and fibers, but the hardness values of the CP/PJF/PF hybrid composites are increased up 
to 40 wt% and then deceases. The tensile, flexural, and impact strength values of both the hybrid composites are 
increased up to 40 wt% and then dropped. The both the tensile and flexural modulus values increases with the increasing 
the weight percentage of the particles and fibers.  The WD/PJF/PF hybrid composites exhibited better tensile, flexural, and 
impact properties.  
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